The Edinger-Westphal nucleus (EW) produces several neuropeptides, including urocortin 1 and cocaineamphetamine-regulated transcript, which regulate feeding, energy balance, and anxiety. Additionally, the EW projects to feeding and anxiety-regulatory brain areas. The authors tested the effect of lesions of the EW on the consumption of food, water and flavored solutions, metabolic indices, and exploratory behavior on the elevated plus maze in male C57BL/6J mice. EW lesion significantly reduced basal and deprivation-induced food and fluid consumption compared with sham and placement controls, but it did not alter behavior on the elevated plus maze. EW lesion had no effect on indices of basal metabolic activity, including plasma glucose level and body temperature. These effects suggest that the peptidergic neurons of the EW regulate food consumption.
In the mammalian brain, the region of the Edinger-Westphal nucleus (EW) consists of preganglionic neurons that regulate oculomotor function, and nonpreganglionic neurons that are hypothesized to be involved in separate and diverse functions (Bachtell, Weitemier, & Ryabinin, 2004; Vasconcelos et al., 2003; Weitemier, Tsivkovskaia, & Ryabinin, 2005) . These nonpreganglionic EW neurons are one of the primary sources of the neuropeptide urocortin 1 (Ucn1; Vaughan et al, 1995) . Ucn1 is part of the corticotropin-releasing factor (CRF) family of peptides (Lovejoy & Balment, 1999) and is able to bind to all subtypes of CRF receptors (Vaughan et al., 1995) . Intracerebroventricular (icv) injection of Ucn1 potently reduces feeding and also increases anxiety (Moreau, Kilpatrick, & Jenck, 1997; Spina et al., 1996 Spina et al., , 2002 . Ucn1 EW neurons have also been shown to contain cocaineamphetamine-regulated transcript (CART; Kozicz, 2003) . As with Ucn1, icv administration of CART reduces food intake and increases anxiety (Asakawa et al., 2001) . Several studies have mapped the distribution of Ucn1 in the mammalian brain (Bittencourt et al., 1999; Kozicz, Yanaihara, & Arimura, 1998; Morin, Ling, Liu, Kahl, & Gehlert, 1999; Vasconcelos et al., 2003; Weitemier et al., 2005) , elucidating the possible neural pathways and behaviors that the EW may regulate. Furthermore, peptidergic EW neurons are responsive to several specific stressors and pharmacological treatments (Bachtell, Tsivkovskaia, & Ryabinin, 2002; Gaszner, Csernus, & Kozicz, 2004; Kozicz, 2003; Weninger, Peters, & Majzoub, 2000) , suggesting that the EW may play an important role regulating behaviors during or after such treatments. However, the endogenous functions of the EW remain unknown. This is because CRF receptor ligands such as CRF, Ucn2, and Ucn3 are present in abundance in separate brain areas Morin et al., 1999; Reyes et al., 2001 ) with their own unique circuitry, making it difficult to determine which effects of central injection of Ucn1 are normally mediated by the EW. Similarly, CART is synthesized in several other brain areas besides the EW (Koylu, Couceyro, Lambert, & Kuhar, 1998) . Therefore, the behavioral and physiological actions of icv administration of Ucn1 or CART cannot be explained without consideration of the unique roles of specific brain regions, such as the EW, that produce these peptides.
We have observed that compared with central administration of EW peptides such as Ucn1 and CART (Asakawa et al., 2001; Spina et al., 1996) , ablation of the EW yields very different effects on ingestive behaviors. Specifically, EW lesion in C57BL/6J mice reduces consumption of water and of fluids containing sucrose or ethanol (Bachtell et al., 2004; . Because fluid consumption is intimately tied to food consumption, we hypothesized that EW lesion would reduce food consumption as well. In addition, recent studies have shown that deletion of the Ucn1 gene, which eliminates Ucn1 expression in the EW, either increases anxiety (Vetter et al., 2002) or has no effect (X. . Similar to the lesion study, these effects contrast with increased anxiety observed after icv administration of Ucn1. Therefore, we additionally studied whether ablation of the EW would affect behavior in the elevated plus maze (EPM). maintained on a 12-hr light-dark cycle with lights on beginning at 7 a.m. Water and food were available ad libitum in the home cage before experimental procedures. All procedures were in accordance with National Institutes of Health guidelines and approved by the Institutional Animal Care and Use Committee of Oregon Health & Science University.
Food and Water Consumption: Pre-EW Lesion
One week following arrival, mice were singly housed in hanging wire racks. To measure food consumption, we added a preweighed amount of regular rodent chow (Rodent Diet, PMI Nutrition International, St. Louis, Missouri) to the feeding trough of each cage at 2 hr after lights on. The food remaining in the trough, excluding that spilled on the cage floor, was weighed and replaced with another preweighed amount of food 24 hr later. For water consumption, tap water was added to graduated 10-ml water bottles (one per cage) also at this time and then measured and replaced 24 hr later. Mice were additionally weighed at this time. Consumption and body weight were measured until stabilization to baseline (5 days).
Surgical Procedures
Before surgical procedures, mice were returned to group housing conditions. Surgical procedures were performed similarly to a previous study from our laboratory (Bachtell et al., 2004) . Briefly, mice were anesthetized with 4 l/kg body weight of a cocktail containing ketamine (30 mg/l), xylazine (3.0 mg/l), and acepromazine (0.6 mg/l). A heating pad was used to maintain the mouse's normal temperature (approx. 37°C). While anesthetized, mice were positioned in a stereotaxic apparatus (Model EW40M, Cartesian Research, Inc., Sandy, Oregon), which allowed for angular insertion of electrodes. Insulated (except for 500-m tip) stainless steel electrodes (SNE-300, Rhodes Medical Instruments, Inc., Woodland Hills, California) were stereotaxically targeted toward the EW nucleus (AP: 3.3 mm, ML: 0.0 mm, DV: 3.8 mm from Bregma) at a 15°angle through a small hole drilled in the skull. The electrode was connected to the positive terminal of a lesion-making current device (Model 3500, Ugo Basile, Comerio, Italy). The negative terminal was used to ground the mouse via a connection to the mouse's tail. Following application of electrical current (40 mA over 10 s), electrodes were removed, the skin sutured, and the mice were removed from the apparatus. The electrode was lowered into the EW of sham-operated mice; however, no current was applied. During the immediate postoperative period, mice were kept warm with a heating pad and monitored for unobstructed respiration and appropriate body temperature until the effects of general anesthesia had dissipated (generally 3 hr).
Food and Water Consumption: Post-EW Lesion
After 1 week of recovery from surgery, mice were reintroduced to individual housing. Food, water, and body weight were measured as before surgery, with additional measurements and food replacement at lights off. Thus, two consumption measurements over a 24-hr period were obtained: one during the daytime and one overnight. Body weight during this time was recorded once per day 2 hr after lights on. This procedure was repeated for 5 days.
Food Deprivation
After completion of basal food and water consumption measurements, the food was removed from the trough at the beginning of lights off and returned the next morning. Thus, food deprivation occurred during the dark phase. Water remained available during this time. Body weight was measured at the time of removal and again at the time of replacement of food in the trough. The amount of water consumed during this time was measured as well. The amount of food consumed and body weights over the light and dark phases were measured over 2 days postdeprivation.
Saccharin and Sodium Chloride Consumption
Preference for saccharin was measured 3 days after completion of food and water consumption measures, during ad libitum access to food. All mice were provided with two 10-ml-graduated drinking tubes, one containing regular tap water and one containing a solution of 0.03% saccharin in tap water. At 2 hr after lights on and at lights off, the amount of fluid consumed from each tube was recorded, and the fluids were replaced. Consumption of saccharin was measured over 2 days. To avoid side preference, we randomly alternated the position of each drinking tube after each replacement of the fluids.
Preference for sodium chloride was measured 2 days after saccharin consumption measures. All mice were provided with two 10-ml-graduated drinking tubes, one containing regular tap water and one containing a solution of 0.075 M sodium chloride, a concentration at which C57BL/6J mice exhibit approximately equal preference toward saline and water after initial exposure (Beauchamp & Fisher, 1993) .
Body Temperature
Two days after completion of sodium chloride preference tests, rectal temperatures were recorded with a thermometer (Physitemp, Clifton, New Jersey) lubricated at the tip of the probe once during the dark cycle at 12:00 a.m. and during the light cycle at 9:00 a.m. and 1:00 p.m. Although mice were well habituated to handling by this time, they were carefully handled and temperatures were registered and recorded before possible stressinduced rises in temperature could occur (within 5 s). Each of these recordings were made on separate days before (dark cycle) and after (light cycle) the EPM test (see below).
EPM
Mice were tested for exploratory behavior on the EPM apparatus. The EPM apparatus consisted of two plastic, 5.2 cm-wide, 64 cm-long lanes, which intersected at the midpoint and were elevated 60 cm from the experimental room floor. Two opposing arms of the maze were flanked on all three external sides by clear Plexiglas (Degussa AG, Dusseldorf, Germany) panels that rose 16.4 cm from the arm surface (closed arms). The perpendicular opposing arms were flanked by clear Plexiglas panels that rose 0.4 cm from their surface (open arms).
One day before EPM testing, mice were grouped in holding cages according to their presurgery group housing assignments. They were then transported to the dark experimental room, where they remained for 4 hr. Food and water were available during this time. On the testing day, mice were transported to the dark experimental room as previously done. Mice were placed singly upon the center of the EPM, which was located in an illuminated chamber closed off from the darkened experimental room. They remained on the EPM for 5 min, during which time their movement was recorded by a video camera mounted 3 m directly above the center of the apparatus. We recorded (a) velocity of movement; (b) time spent in open arms, closed arms, and the center; and (c) number of arm entries using the EthoVision video tracking system (Noldus, Leesburg, Virginia). Time spent on open and closed arms was additionally recorded by video viewing by an experimenter blind to the experimental condition of the subjects.
Plasma Glucose and Corticosterone
Three days after EPM testing, mice were euthanized with CO 2 gas during the early dark phase (9:00 p.m.) to verify the position of the lesions, and trunk blood was collected in microcentrifuge tubes and placed on ice. All samples were immediately centrifuged at 14,000 rpm for 10 min and stored at Ϫ20°C until assay. We measured plasma corticosterone concentration using an enzyme immunoassay kit (Assay Designs, Inc., Ann Arbor, Michigan) according to the manufacturer's instructions. The resulting optical density in the assay plate wells was measured with a plate reader (vMax, Molecular Devices, Sunnyvale, California), and these were compared with duplicate standards for calculation of plasma corticosterone concentrations. Plasma corticosterone in rodents is not affected by euthanasia with CO 2 gas (Fomby, Wheat, Hatter, Tuttle, & Black, 2004; Hackbarth, Kuppers, & Bohnet, 2000) . On the same day as the corticosterone assay, plasma glucose was measured from the same samples with a touch glucometer (OneTouch Ultra, Johnson & Johnson, Milipitas, California). All corticosterone and glucose samples were run simultaneously.
Histology
Dissected brains were postfixed overnight in 2% paraformaldehyde in 10 mM (pH ϭ 7.4) phosphate-buffered saline (PBS), cryoprotected with 30% sucrose in PBS and sectioned coronally on a cryostat. Floating 40-m sections were collected and stored in PBS. Four to six sections containing the EW were mounted on gelatin-coated glass slides and thionin staining was performed to verify placement of lesions.
Ucn1 Immunohistochemistry
Ucn1 immunohistochemistry in approximately five sections per subject was used to further verify that the lesions affected the peptidergic EW neurons. Briefly, endogenous peroxidase activity was quenched by 0.3% peroxide in PBS. Sections were incubated for 5 hr in a blocking solution containing 2% bovine serum albumin and 1 mg/l heparin. After blocking, sections were incubated overnight in rabbit antiUcn antibody against amino acids 105-120 of human pro-Ucn (Sigma, St. Louis, Missouri). Biotinylated anti-rabbit secondary antibody was used to detect the primary antibody (Vector Laboratories, Burlingame, California). We detected the immunoreaction using the Vectastain ABC Kit (Vector Laboratories), and enzymatic development was accomplished with the Metal Enhanced DAB Kit (Pierce, Rockford, Illinois).
Data Analysis
We analyzed all data using analysis of variance (ANOVA). Tests with single data points, which include consumption on each day and all EPM measurements, were analyzed with one-way ANOVA with Group as a factor. Body temperatures and food consumed before and after deprivation, which were measured on separate days, were analyzed with two-way ANOVA (Group ϫ Time). In cases in which ANOVA identified significant differences between groups, the Fisher protected least significant differences was used as a post hoc test to follow up. We considered p values less than .05 to be statistically significant.
Results

Histology
Lesion placement was determined according to the Mouse Brain Atlas (Paxinos & Franklin, 2001) . Thionin staining and Ucn1 immunohistochemistry revealed that among the subjects that underwent electrolytic lesion, either the large majority of EW neurons were damaged, or the lesion was centered in nearby areas of the EW but induced very little to no damage to the EW. Only subjects in which the lesion was placed such that the large majority of the EW was ablated (n ϭ 8) were included in the EW lesion group. Subjects with lesions placed such that the EW sustained minimal to no damage (n ϭ 5) were included in the statistical analyses as placement controls (control lesion group). The extent of these control lesions included unilateral damage to the medial longitudinal fasciculus, the oculomotor nucleus, and the transition area from the central linear to dorsal raphe (DR). Sham lesions (n ϭ 8) did not induce damage to the EW as revealed by thionin and Ucn1 staining. Examples of thionin staining and Ucn1 immunohistochemistry in the sham, EW lesion, and control lesion groups are shown in Figure 1 .
Food and Water Consumption
Before lesion, 24-hr food and water consumption levels and body weight did not differ between the EW lesion, sham, and control lesion groups. However, after lesion, one-way ANOVA detected significant effects of Group for all days of ad libitum feeding, F(2, 18) Ͼ 7.00, p Ͻ .01, for food and water for all days. Post hoc analyses revealed that for all days, food consumption was significantly reduced in EW-lesioned mice compared with both control lesion and sham groups ( p Ͻ .05 for both comparisons), whereas the control lesion and sham groups did not differ. Post hoc analyses for water consumption revealed that for the first 2 days, water consumption in the EW lesion group significantly differed from that of the sham group and not the control lesion group. However, for the subsequent 3 days, drinking was significantly reduced in EW-lesioned mice compared with both control lesion and sham groups ( p Ͻ .05 for both comparisons), whereas the control lesion and sham groups did not differ. ANOVA of body weights during this time revealed no significant differences between groups. Also, no difference in the ratio of the amount of weight gained to the amount of food consumed (feed efficiency) during this time was detected. Figure 2 shows daily food and water consumption and body weight before and after EW lesion, and after food deprivation (see below). Figure 1 . Examples of thionin staining (upper panels) and urocortin 1 (Ucn1) immunolabeling (lower panels) after sham, Edinger-Westphal nucleus (EW), and control lesions. In sham-operated mice, tissue damage was not evident (A), and intact Ucn1-positive neurons (D) can be viewed in the region of the EW (arrow). In EW lesion mice, tissue damage was localized to the midline region (B), and the majority of Ucn1-positive EW neurons were ablated (E). The lesion was centered adjacent to midline in control lesion mice (C), leaving intact (F) the majority of Ucn1-positive EW neurons (arrow). Scale bar ϭ 200 m.
Food Deprivation
Water remained available during dark-phase food deprivation. ANOVA of water consumption during this time revealed an effect of Group, F(2, 18) ϭ 4.24, p Ͻ .05. Post hoc analysis showed that both EW lesion and control lesion groups consumed significantly less water than sham ( p Ͻ .05 for both comparisons) and did not differ from each other. Similarly, one-way ANOVA of water consumption 24 and 48 hr after deprivation detected an effect of Group, F(2, 18) Ͼ 6.00, p Ͻ .01, for both days. However, post hoc analyses on both of these days revealed a similar pattern as predeprivation levels in that water consumption in EW-lesioned mice was significantly less ( p Ͻ .05) than in the sham and control lesion groups, which did not differ.
Analysis of food consumed within 24 hr before deprivation versus food consumed within 24 hr after deprivation revealed an effect of Group, F(2, 36) ϭ 17.87, p Ͻ .0001, and an effect of Day, F(1, 36) ϭ 63.22, p Ͻ .0001, and no interactions. Analysis of the amount of food consumed 24 and 48 hr after the end of deprivation revealed an effect of Group, F(2, 18) Ͼ 8.00, p ϭ .01, for both days. In all of these comparisons, post hoc analyses showed that at all times the EW lesion group still consumed significantly less that the sham and control lesion groups ( p Ͻ .05), whereas the sham and control lesion groups did not significantly differ. In fact, on the 1st day after deprivation, the control lesion group actually consumed marginally more than the sham group. Body weight did not significantly differ immediately 24 hr after and 48 hr after overnight food deprivation. The ratio of food consumed to the amount of weight gained over this 48-hr period did not differ among groups.
Saccharin and Sodium Chloride Consumption
Three days after completion of food and water consumption measures, mice were given 48 hr of access to 0.03% saccharin and tap water. ANOVA of total saccharin or water consumed over these days revealed no effects. Similarly, no effects on saccharin preference were detected, with preferences ranging from 60% to 70% (data not shown).
Sodium chloride consumption over 48 hr was measured 2 days after completion of saccharin consumption measurements. Because of spillage, sodium chloride and total fluid data for 1 control lesion subject were lost. No differences were detected in sodium chloride or water consumption, or preference for sodium chloride during this time.
Although the consumption of individual fluids did not significantly differ during access to saccharin and water or sodium chloride and water, effects of EW lesion were observed on total fluid consumption. One-way ANOVA of total fluid consumed during the 48-hr access to saccharin revealed an effect of Group, F(2, 18) ϭ 5.70, p Ͻ .05. Post hoc analysis of total fluid consumption during saccharin access showed that the EW lesion group consumed significantly less fluid than the sham and control lesion groups ( p Ͻ .05), which did not differ from each other. One-way ANOVA of total fluid consumption during access to sodium chloride revealed an effect of Group as well, F(2, 17) ϭ 5.00, p Ͻ .05. Post hoc analysis of total fluid consumption during sodium chloride access showed that the EW lesion group consumed significantly less fluid than the sham group ( p Ͻ .05) and marginally less than the control lesion group ( p ϭ .06), whereas the sham and the control lesion groups did not differ. Thus, the pattern of total fluid consumption during access to saccharin and sodium chloride matched the pattern of total fluid consumption during access to regular chow and water only. Figure 3 shows the Figure 2 . Lesions of the Edinger-Westphal nucleus (EW) reduce daily food (A) and water (B) consumption but not body weight (C). Before lesion (left of bold dashed line), groups did not differ in basal food and water consumption or body weight. After lesion, basal food and water consumption in the EW lesion group was lower than that of the sham and control lesion groups, whereas body weight was not affected. During overnight food deprivation (shaded bars), both control and EW lesion groups drank significantly less water than sham mice. However, after replacement of food, EW-lesioned mice again consumed less daily food and water than the control lesion and sham groups, whereas body weight was not significantly different from that of shams. Post hoc: Asterisks indicate that sham is significantly different from EW lesion ( p Ͻ .05); pound signs indicate that sham is significantly different from control lesion ( p Ͻ .05). Sham: n ϭ 8; EW lesion: n ϭ 8; control lesion: n ϭ 5. amount of saccharin and water, and sodium chloride and water consumed during 48-hr access to each solution.
EPM
In the EPM, group differences in some parameters were detected. First, group differences were detected on time spent and number of entries into the open arms, F(2, 18) ϭ 3.96, p ϭ .04, and F(2, 18) ϭ 5.66, p ϭ .01, respectively. Post hoc analyses on measures for the open arms showed that the control lesion group entered more and spent more time on the open arms than the sham and EW lesion group ( p Ͻ .05 for both comparisons), whereas the sham and EW lesion groups did not differ on these parameters. Time spent on the closed arms of the maze did not significantly differ between groups ( p ϭ .1). However, differences were detected for the number of closed arm entries, F(2, 18) ϭ 5.43, p Ͻ .05. Reciprocal to open arm entries, post hoc analyses revealed a significantly lower number of closed arm entries in the control lesion versus the EW lesion group ( p Ͻ .05). A strong trend toward an effect was detected in time spent in the center, F(2, 18) ϭ 3.50, p ϭ .05, with the control lesion group exhibiting lower values than the sham. No significant differences were found in the number of center crossings. A trend toward a group effect was also noted for velocity in cm/s, F(2, 18) ϭ 3.40, p ϭ .05, with the EW lesion and control lesion groups exhibiting higher values than the sham group. 
Plasma Corticosterone, Glucose, and Body Temperature
Body temperatures measured during the light phase and dark phase before and after EPM measurements did not differ among the groups. Although early dark phase plasma corticosterone concentrations appeared higher in both the lesion and control lesion groups compared with the sham, no group differences were detected. Similarly, no differences in plasma glucose concentrations were detected. Figure 5 shows body temperature, plasma glucose, and plasma corticosterone.
Discussion
The main findings from this study are that EW lesion reduces food and fluid intake but has little effect on metabolic indices or EPM exploratory behavior. Reductions in food and fluid intake were consistent and robust, even after food deprivation challenge. More important, decreased consumption was not observed after lesions were near, without damaging, the Ucn1-containing cells of the EW. This makes it unlikely that the effect on consumption by EW lesion was secondary to general malaise induced by damage to midbrain structures. Further support for the specificity of the effect of EW lesions comes from the observation that only lesions in which the EW remained intact altered exploratory behavior on the EPM. This suggests that the behavioral effects of damage nearby, but not including the EW, do not contribute to the specific effects of EW lesion.
The electrolytic lesions in this study are likely to have destroyed not only neurons but fibers of passage in the vicinity of the EW. Edinger-Westphal nucleus (EW) lesion alters total fluid consumption during access to flavored solutions. During access to 0.03% saccharin, consumption of saccharin (A) and water (B) was not significantly decreased in EW-lesioned mice. However, total fluid consumption during this time (C) was significantly decreased compared with both sham and control lesion groups. Similarly, consumption of sodium chloride (D) and water (E) was not significantly altered by EW lesion, but total consumption during this time (F) was significantly reduced in the EW lesion group only. Post hoc: Asterisks indicate that total fluid consumption is significantly different between sham and EW lesion ( p Ͻ .05). Sham: n ϭ 8; EW lesion: n ϭ 8; control lesion: n ϭ 5 (except sodium chloride, in which n ϭ 4).
Recent reports have shown that in both rat and mouse, dopaminergic fibers pass through the vicinity of the EW (Bachtell et al., 2002; Gaszner & Kozicz, 2003) . Although the contribution of fiber damage to the effects observed here cannot be ruled out, it should be noted that the control lesions, which were centered in areas adjacent to the EW, were likely to have damaged similar fibers in this region as EW lesions. Thus, the presence of the control lesion group serves as somewhat of a control for fiber damage as well as for nuclear damage.
EW Lesion and Food Consumption
The effects on food consumption observed here are consistent with and extend previous data showing a reduction of fluid consumption after EW lesion (Bachtell et al., 2004) . In contrast to these effects, feeding was not altered in Ucn1 deficient mice (Vetter et al., 2002; X. Wang et al., 2002) . However, the EW produces other neurochemicals such as CART that regulate feeding and visceral function in a similar manner as Ucn1 (Asakawa et al., 2001 ) and may compensate for the absence of Ucn1 in Ucn1-deficient mice. The outcome after EW lesion shown here may seem surprising because the EW produces neurochemicals that when given centrally induce anorexia (Benoit et al., 2000; Spina et al., 1996) . The exact mechanisms of this outcome are not know at this time, but consideration of specific brain areas to which the EW may project, particularly through descending projections, provides several plausible hypotheses.
When administered centrally, Ucn1 and CART both reduce gastric emptying (Asakawa et al., 2001; Martinez, Wang, Rivier, Grigoriadis, & Tache, 2004) . Furthermore, central Ucn1 increases colonic motility. The effects of Ucn1 on these measures are mediated through brainstem CRF receptors (Chen et al., 2002; Grill, Markison, Ginsberg, & Kaplan, 2000; Kihara et al., 2001) . In this area, the nucleus tractus solitarius (NTS), which regulates visceral function (Ferreira et al., 2001 ) and expresses CRF type-2 receptors (CRF 2 ; Van Pett et al., 2000) , has been highly implicated in the anorexic effects of Ucn1 (Daniels, Markison, Grill, & Kaplan, 2004) . In agreement with this hypothesis, tracing studies have shown that in the cat, the EW does project heavily to the brainstem (Loewy & Saper, 1978) , and the NTS specifically has been shown to contain Ucn1-positive projections (Bittencourt et al., 1999; Weitemier et al., 2005) . Thus, the NTS is likely to mediate any actions that endogenous Ucn1 from the EW may have on gastrointestinal motility.
Ablation of Ucn1 input to the NTS by EW lesion may lead to increased gastric emptying to the colon but decreased colonic motility. During meal consumption, this may result in faster, but more complete, absorption of nutrients in the intestinal tract, resulting in more weight gained per meal size and normal levels of nutritional and metabolic indices such as plasma glucose and body temperature observed here. Further support for this idea comes from the feeding patterns after overnight food deprivation. As expected, after replacement of food, the EW-lesioned mice increased consumption from predeprivation levels. However, despite a similar need for replenishment of nutrients, and similar meal loads within the stomach (i.e., nothing), EW-lesioned mice still consumed significantly less than both sham and control lesion groups.
Extrabrainstem areas such as the DR, which expresses CRF 2 (Van Pett et al., 2000) and receives Ucn1 from the EW (Bachtell et al., 2004; Bittencourt et al., 1999; Weitemier et al., 2005) , may also be involved in the effects of EW lesion. Enhanced serotonergic activity from the DR reduces food intake (Simansky, 1996) , possibly through inhibiting the initiation of feeding behavior by forebrain areas such as the caudate putamen (Fletcher, 1991) . Activation of CRF 2 in the DR by low concentrations of agonist inhibits serotonergic neurons (Pernar, Curtis, Vale, Rivier, & Valentino, 2004) and reduces serotonin release to other brain areas (Price, Curtis, Kirby, Valentino, & Lucki, 1998) . EW lesions may remove the source of basal levels of Ucn1 to the DR and may eliminate an inhibitory input. Although the overall effect of central infusion of Ucn1 may be a reduction in feeding, modulation of food intake by endogenous Ucn1 may be brain region specific.
Although these explanations account for the outcomes of EW lesion on eating, drinking, and body weight shown here, the specific effects of EW lesion on gastrointestinal motility and other processes relevant to energy balance remain to be tested. Also, as suggested, the mechanisms contributing to this outcome are likely to be many because in the rodent, the EW also projects to several forebrain areas, including the lateral septum (Bachtell et al., 2004; Bittencourt et al., 1999; Weitemier et al., 2005) , possibly because of its long extension along the rostral-caudal axis (from the area of the posterior hypothalamus to the DR). As with the brainstem, Ucn1 injection into this forebrain area alters food consumption (C. Wang & Kotz, 2002) . However, the lateral septum is also implicated in water balance (Iovino & Steardo, 1985) . We show here that, like food consumption, reduction in the volume of fluid consumed is specific to the EW-lesioned group. This makes it unlikely that the lower amounts of food removed from the feeding troughs by the EW-lesioned mice were due to nonspecific motor effects of EW lesion resulting in less food spillage. Also, no differences in general locomotor activity that might contribute to nonconsumptive removal of food were detected in our previous EW-lesion study (Bachtell et al., 2004) . However, the current study cannot decipher whether the reductions in drinking were secondary to the reductions in eating, or vice versa. Thus, the contributions of any changes in water balance to the results presented here that might be independent of food intake require further study.
Fluid Preference in EW-Lesioned Mice
Although fluid intake was reduced at all times, EW lesion did not alter preference toward solutions flavored with saccharin or sodium chloride, suggesting that EW lesion did not alter taste sensitivity or bias toward palatable flavors. This is in strong agreement with previous work showing normal patterns of preference toward sucrose and quinine in EW-lesioned mice but a decrease in total fluid consumption during continuous access to these solutions (Bachtell et al., 2004) . However, in that study, when ethanol was made available, EW-lesioned mice displayed attenuated preference toward ethanol compared with shamoperated mice. We have recently replicated this finding in pilot experiments using a limited access procedure ). Thus, among these studies, of all of the solutions tested, ethanol was the only fluid toward which preference was decreased by EW lesion. Taken together, these studies show that the effects of EW lesions reveal two processes in which the EW is intimately involved: general consumption and ethanol intake. This idea is supported by findings that the EW is activated differentially during intake of ethanol, compared with sucrose or saccharin intake (Ryabinin, Galvan-Rosas, Bachtell, & Risinger, 2003; Weitemier, Woerner, Backstrom, Hyytia, & Ryabinin, 2001) .
EW Lesion and Plus Maze
The previous EW-lesion study from our laboratory showed that although EW lesion did reduce fluid intake, it did not affect locomotor activity (Bachtell et al., 2004) , which included no changes in the ratio of activity in the center of the chamber versus total activity, an indirect index of anxiety (R. K. Bachtell & A. E. Ryabinin, personal communication, January 11, 2005) . Furthermore, recent studies showed either no alterations (X. or slight increases (Vetter et al., 2002) in anxiety-related behavior in Ucn1-deficient mice. These data led us to hypothesize that EW lesion would have little impact on exploratory behavior in the EPM. In support of this, analysis of the EPM parameters conventionally used as indices of anxiety-including time on open and closed arms, and number of arm entries-revealed no significant differences between sham and EW-lesioned mice. We have obtained similar results in a separate experiment with naive EWlesioned mice.
An interesting finding is that only damage to areas nearby, but sparing the EW, altered some aspects of plus maze behavior, suggesting that although the EW may indeed be part of an anxietyregulating neural network (Bittencourt et al., 1999; Kozicz et al., 1998; Weitemier et al., 2005) , in contrast to its role in food intake, its role in the regulation of basal anxiety is not as strong as neighboring areas. Many reports implicate Ucn1-receptive CRF 2 in adaptation to stress (Bale & Vale, 2004; Coste et al., 2000) , suggesting that the imposition of stressful treatments is necessary for behavioral regulation by CRF 2 to be most evident. This idea is supported by studies showing that application of CRF receptor ligands to brain areas where the EW is known to project does not have any overt effects on anxiety but does alter stress-induced changes in behavior (Bakshi, Smith-Roe, Newman, Grigoriadis, & Kalin, 2002; Hammack et al., 2002) .
Conclusions
The effects of EW lesion in the current study suggest that the EW plays a role in the general regulation of ingestive behavior but may not strongly modulate anxiety. This is in agreement with studies showing potent and specific regulation of feeding by central injection of this peptide (Benoit et al., 2000; Cullen, Ling, Foster, & Pelleymounter, 2001; Spina et al., 1996) . Although the outcome of EW lesion on food and fluid consumption shown here is in the opposite direction from what would be hypothesized, the effects of EW lesion versus control lesion point to the EW as the source of endogenous Ucn1 that regulates feeding. The exact mechanisms of how the EW influences feeding remain to be tested, but neuroanatomical evidence implicates its ascending and descending projections as contributing to this process. Further study should investigate the individual contributions of these projection areas in mediating the influence of the EW on ingestive behavior.
